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-dimensions and ‘blanket composition are fixed hence, the core comp051tion
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S

ORACLE CODE FOR A GENERAL
TWO-REGION, TWO-GROUP SPHERICAL
HOMOGENEOUS REACTOR CALCULATION*

SUMMARY ‘ &

A general code has. been written for the ORACLE for the solution of

a spherical homogeneous, two-region reactor by the two-group method

-4‘-

_The reactor is general in that the core and blanket compositions are

entirely arbitrary The calculation can accomodate two fuel components
plus seven other. nuclear components in the blanket; two fuel components,
poisons, moderator, and four other nuolear components in thelcore The-“
reactor may or'may not contain a’ core tank separating the two regions.

The only restriction in the comp031tion is the requirement that “the ratios
of thg;concentration of one of the core fuel componentsito the concentration
of the other'core components (ekcept moderator) be independent‘of core fuel#
concentration The volume fraction of core. moderator 1s assumed to be

independent of core fuel concentration. For this calculation, the reactor

1s(thelvar1able for which'a solution is sought.
The results which may be obtained from the calculation are:
1. For a steady- state system |
a. Critical core concentration
b. Volume integral of the fast and thermal flux in the'core

and blanket.

* ORACIE Problem Number l9ll. This code supersedes the code. described in
CF-54-7-38, Oracle Code for Two-Group, Two-Region Homogeneous Reactor
Calculation, by T. B. Fowler and R. A. Willoughby. '
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c. Neutron Balance, i.e., all neutron absorptionsland
leakages | | ‘. |

d. Flux nlot from the center of the core to thevpressure
vessel boundary

2. For a non-steady-state syStem

a. Beactor period

b. Effectivedmultiplication constant

c. -Mean lifetime of prompt nentrons

Ad._ Temperature coefficient of reactivity.

INTRODUCTION

A machine code of this type is extremely useful in that con-
sistent and accurate results may be obtained with a mlnlmum of tlme

and laboru ThlS is realized especially in. survey type calculatlons

where, from a practlcal p01nt of v1ew, it is necessary to minimize

the ratlo of tlme spent 1n obta1n1ng results to the t1me spent in
analyzlng them A two-reglon, two -group, steady- state reactor calcu-
lation requires six to eight hours using & desk computer, whereas

the ORACLE performs the . same calculatlon in approx1mately flfteen

Aseconds The non- steady -state calculatlon, requlrlng approx1mately '

five mlnutes of ORACLE computlng tlme, ‘would be prohlbltlvely long
if done by hand. '

The. purpose of'this'memorandum is to enable one, who isl

,unfamlliar with the ORACLE, to use the code for this calculatlon.

Generally, the only labor 1nvolved 1s the preparatlon of the 1nput

gg3 909
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parameter paper tape;%‘With this;gépe and the code tape, the calculation
can be éeﬁformed byAfolldwing thé ﬁachihe 0p¢raﬁing iﬁstfu@tiohé, The
code tape, as well as alprinted'copy of;tﬁé code, is available in the
author's boxAiﬁAﬁhe‘computer’room,'Building héOO. ‘. |

- ‘This memorandUm‘éonéists of three parts énd'an appendix. The’
first partAiists the output answers that are obtained ff&m‘the calcu-

lation, the second part lists the input parameters necessary for the

,galculation with instructions for preparing the input pérameter tapé,A

the third part gives the complete machine operating instructioné,
and the appendix shows the complete derivation of the two-region, two-
grqﬁp équatidps used, a déscfiption of the method of calculation, and

certain restrictions in the calculation.

oL
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I. OUTPUT ANSWERS

All or certain parts (see Page 13) of the following answers

are punched on phe answer tape for each reactor calculation.

10.

B

12.

13.

14.
15.
16.

17.

Case Number

total neutron production

total neutron losses

thermal macroscopic abgorption eross section of

co:e‘fug;Aqomponent"l,fcm'l

volume integral

volume integral

volume integral

thermal neutron

thermal neutron

- thermal neutron

thermal neutron

thermal neutron

”thermgl‘neutron

thermal neutron

therwmal neutron

uncussiep %

.volume integral of fast flux in the core
of thermal flux in the core

.of fast flux in the blanket

of thermal flux in the blanket

absqrptioﬁ
absorption
absorption
gbsérption
absorption
absorption
absorption

absorption

~fast neutron absorption in

in

in

in

in

in

in

in

in

éore
core
core
core
core
core
core

core

core

fuel component 1
fuel comenent 2
component 3
component U4
qomponent 5
component 6
poisons

moderator

-
4
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18.

| 19.

20'

2l.

22.

- 23.

2k,

25.

26.

| 27.

28.

29.

30.

31.

5.

33.

3h.

35.

- 36.

>

N~ o B‘J\ N ;—ﬂg;wa >

N T . T
B BYE®

0]
2}

[
ot

thermal
thgrmal

thermal

thermal

thermal
thermal
thermal.
fhermal

thermal
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neutron
neutron
neutron

neutron

neutron

neutron
neutron
neutron

neutron

gbsorption
absprptioh
abgorption
absqrption
absorption
absorpt;on
absprp?ion
absorption

absorption

fast neutron absorption in

neutron absorption in core

fast neutroh leakage

thermal neutron leakage

thermal

thermal

thermal
thermal

thermal

core flux at r

in blanket

in blanket

in blanket

in blanket
in blanket
in blanket

in blanket

in blanket.

in blanket
blanket

tank

]
o

core flux at r = a/b

core flux at r
core flux at p

core flux at r

1]
o

fast core flux st r = 0.
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a/2

3a/lt

G(j 3 Ly e

fuel component 1.
fuel component 2
component 3 .. |
component 4
cémponent 5
component 6
component T
cqméonent 8

component QG

sl s
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37.

38.

- 39.

Lo.

41.

Lo,

43,

L,

45,

L6.

47.

. 8.

Lg.

¢ic‘a/u)
g0 (a/2)
g, (38/4)

#1c (2)

B (b+T§/l+,)

2

(b+T5/2)

| ¢gB(b+3TB/“)

g0 (%),

¢m(b+T§,/“)

RS

v¢13(b+§TB/“)’

g5 (R)

thermal blanket flux at r

thermal blanket flux at r

fast blanket flux at r

UNCLASSIFIED

8.
fast core flux at r = a/h
fast core flux at r = a/2
fast core flux at r = Ea(h
fast core.flﬁx at r =a

thermal blanket flux at r = (b+TB/h)

where r is the radial distance from the center: of
the core and a is‘the core radius, and where b is
the core radius plus the core tank shell thickness,

and T, is the blanket thickness.

‘thermal blanket flux'at r = (b+TB/2)

(b+3T/4)

R

where R is the pressure vessel radius

fast blanket flux at(r}; (b+TB/h)

fagﬁ blanket flux at r = (b4Tg/2)

fgst blanket f1u3 aF r = (b+§TB/§)
=R

reactor period of non-steady-state system, sec.
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9.
50. ke - effective mnltiplication constant of non-steady-
state_systen
51. X - mean lifetime of prompt neutrons, sec.
52. 8k/aT - temperature coefficient of reactivity.

- The first output number, the case number, corresponds to the'first

number on the input~parameter tape. The eecond and third output numhers

" are check numbers and should be equal to at least five flgures,vfor a

velld celculatlon. The crltlcal core fuel concentration is obtained

from output item k. Output items 5 through 48 are normalizedl’eas shown

1n the appendlx, and the method of obtaining the last four output items

is also explained in the appendlx Answers 2 through 48 are for a steady-

state system‘and answers L9 through 52 are for a non-steady-state reactor.

Each of the output numbers, except the first, 1s a de01mal float—

‘ 1ng point number of the form

0 . 0
F.XXXXXFyy

‘The first digit is either O or F, depending upon whether the number is

poeitive or negative, respectively; the next six digits are decimal
fraction; the eighth digit is 0 or,F,<representing the sign of the

exponent of ten; and the last two digits are the exponent of ten.

UNGLASSIFIER




of memory celle is ueed in determining the "loading instruction'word"

Memory Cellv
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II, INPUT PARAMETERS

The following«is a list of the input parametersmfor the,calcuf

lation with the machine memory cell occnpied by each nnmbe:f"This list

(input item 2) as explained below,

Input Number

Address .of
S L Case identlflcatlon number
2. Loading.inStruction word

. 4 - core radius, cm.

381 3
2 .kl &t " - core tank thickness, ca.
'3 5. TB. - blanket thickness, cm.
Iy 6. e - extrapolatlon‘distance, cm.
5 7. Py - resonance escape probabllity for .the
"blanket
6 8. T£ vaermi age for the bianket, .cm2
7 9. Diﬁ o .-4fast diffusion coefflcient for the
‘ - blanket, cm. - ¢ :
8 10. D2B - thermal diffusion coefficient for the
oy ' 'blanket, cm.

9 11. Z:QB‘ --thermal macroscoplc absorption cross a1

o section of blanket fuel component l cm
~ F2' L :
A 12. 2323 . - thermal wmacroscopic absorption cross . -1

' - section of blanket fuel component 2, cm s
B 15. 'Z:ZB - thefmal.macroecopic absorption croegl
9 section of blanket”component 3y cm

c . 4. 2:23 L= thermal macroscoplc absorptlon crossl

e section of blanket~component h em
D 15. Z}gﬁ ' - thermal macroscopic absorption crosgl

UNCLASSIF 55

sectlon of blanket

component 5, cm -
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Memory Cell

~Address of

390

16.

17.

18.

19,

21.

22.

2k,

5.

26.

27.

28.
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11.

Input Number

- thermal wacroscopic absorptlon cross

section of blanket component 6, cu.

thermal macroscopic absorption crossl
section of blanket component 7, cm .

thernal macroscopic absorption crossl_
section of blanket component 8, "em

thermal macroscopic absorptlon cross,
sectlon of blanket component 9, cm

. 4Ferm_i- age for the core,, cm2

fast diffusion coefficient for the
core, cm.-

thermal diffu31on coeffic1ent for the
cme,cm

resonance escape probablllty for the

core

ratio of thermal macroscoplc absorption
cross section of core fuel component 2

-to thermal macroscopic absorption cross

section of core fuel component 1

ratio of thermal wacroscopic absorption
cross section of core component 3 to
thermal macroscopic absorption cross.
‘section of core fuel component 1

ratio of thermal macroscopic absorption.

" cross section of core component 4 to

‘thermal macroscopic absorptlon cross

- section of core fuel component 1

‘ratio of thermal macroscoplc absorption

cross section of core component 5 to
thermal macroscopic absorption cross

'section of coré fuel component l’

ratio of thermal macroscopic absorption
cross section of core component 6 to
thermal wacroscopic absorption cross
section of core fuel component 1

UNCLASSIFIED ~ u3  cue



Memory Cgll
-Address of

B

3A0

29.

30.

. 3.

. 33.

3h.

35.

36.

37.
38.

59.

Lo.

Ve

Vac

UNCEASSIFIED

Input Number

2.

ratio of thermal macroscopic fission

crogs section of core fuel

comporient 1

‘to thermal macroscopic absorption cross

section of core fuel component 1

ratio of thermal macroscopic fission

cross section of core fuel

component 2

teuthermal macroscopic abgorption cross
section of core fuel component 1

core poison fractiom, i.e.,

P . [er F2
Zog = 'fpc,[z,:fc + ch]

number o6f trission neutrons
thermal neutron absorption

~fgel component 1 -

number of fission neutrons
thermal neutron. absorption

. fuel component 2

. number of fission neutrons

thermal neutron absorption
component 1 '

nnmber of fission neutrons
thermal neutron absorption
component 2

produced per
in blanket

produced per
in blanket

produced per
in core fuel

producéd per
in core fuel

diffusion coefficient for the core tank, cm.

macroscopic abgorption cross section of

core tank, cml :

thermal macroscopic absorption cross

section of core moderator,

cm-1

velocity of fast neutrons in the core,

cm/sec.

velocity ef thermal.neutrons in the '

core, cm/sec.

* See restriction 6 in the appendix
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Memory Cell

Address, of
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13.

Input Number

T hi. Vip ' velocity of fast neutrons in the blanket
: : cm/sec.
8 ho. VéB ' veloc1ty of thermal neutrons in the
Lo blanket, cm/sec.
9 43, AT assumed temperature change from steddy-
, state to non-steady-state system, ©C
. aéC(TtﬂT)
A Ly, ratio of thermal mlcroscoplc absorption
Y 2C(T) cross section of core fuel component 1 at
- (T+AT )OC to thermal microscopic absorption
cross section of core fuel component 1-at
TOC
: Oéc 2 (m+aT) _
B 45, T ratio of thermal microsoopic absorption
' 2C(T) cross section of core fuel component 2 at

(T+AT)OC to thermal microscopic absorption
cross, section of care fuel component 2 at
TOC ;

‘The machine may be made to do two different types of calcu-

lations, depending upon what is desired. One calculation is the

steadyestéte calculation alone, and the other is the steady-state

plus the non-steady-state calgulation.

Consider firstAonly the steady-state calculation. For. this

calculétion, orie may require that thé output nuﬁbors 1 through 30,
or the output numbers 1 through 48, ‘be punched on the ansver tape,
depending upon the first two digits of the case 1dent1flcation |
number (first number on tLe.input parameter tape). In thls calcu-
lation, the first two digits-of the case identificatlon number .

are 00, for answers 1 through 30, or OF, for answers Ll through 47,

followed by eight arbitrary hexideciwmal digits O0-F. For the

Gﬁ:j&

D
Foad
R
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steady-state calculgp}ons, only the input parameters 1 through 38 are'
used and the input numbers 39 through 45 may be zero or left out
éntirely; however, all of the input.numbers 1 through 38 need not bet
punched én the input parameter tape for each ease if several cases

are to be run conéecutively. The second input number (loading
instruction word) determines ﬁhe number ofﬁinput numbers to1be'used
for each case that are different from the preceeding case. Thisl

number consists of ten digits and is of this form:
00 aaa 00 ZZZ

where asa is the memory cell address at the first input number to be
loaded, and ZZZ is the memory cell address of the last -input number
to be loaded.':Obviously, the qumbersAthét are punched én the input
tape for each case must be in consecutive order. Each of the input
numbérs'except the first two are tgn—digit, decimal, floating numbers
(see Page 9) and all of the input numberé are punched on the input

tape,-ééparated by a single space and have a single spacé following -

"the last number of each case..

Suppése, for eiample,_that a series of three stea§y—state
reaqteps are to be célculated with fhe answers{l througﬁ 30 desired
for the first two caséé and the answéfs 1 through 48 desired for the
third case. .Suppose furﬁher that the sééoﬁd reactor differs frbm
the first only in item 5 (blanket thickness) and that case 3 @iffgrs
from casé‘e in items 5 énd 11. ‘The,input parametéritape ﬁouid be
prepared as follows:

Fbr césgil, the'case'identification number Wou;d be punched

as 00, followed by éight arbitrafy digits; the lpading‘instrucﬁion

UNGLASSIFiZR 03 nig
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word would be 00 381 00 §Ah and the complete set of input numbers 3

through 58 would follow, W1th ‘all numbers including the first two

ﬂseparated by a single space. (It is desirable to separate each case

on'the luput tape by several iuches of the tape "leaaer" or zeros.)

For case 2, the case identification number would he 00 for the
firstltwo diéits, the loading instructiou word would be 00 383 00 383,
aud this would_be followed hy input item 5 only. Again, each of these
Athree nuubers would be separated by a single space; Case 3.would have
OF for the first two digits of the case 1dentificatlon number,

OO 383 OO 389 for the loadlng instructlon Word, with input numbers 5
through ll follow1ng.

The steady-state plus non-steady-state calculation differs from
the steady—stateécalculation in that two sets of input numbers are
reouired for each reactor calculation, and one ma& obtain answers 1
through 30 followed by h94through 52, or answers 1 through 52, depend-
ingfagain upon'the first two digits of the case identification number.
For this calculation, FO for the first two digitsiof the case identi-
ficatlon number produces answers 1 through 30 followed by 49 through
52 whereas FF produces answers 1 through 52. E

In this calculation it is assumed that a reactor which is
operating in a steady state is suddenly mede unstable by an instant-
aneous change in temperature.(see appendix for further explauation'
of this calculation). Each reactor calculationltheu requires
a gset of input numbers corresponalng to & steady-state system at
temperature TOC,'followed.by another set of iuput numhers correspond -
iné to.the sane reactor but at temperature (TﬁﬂT)OC. The case

identification numbers for both sets of input numbers must be identical.

UMOVASSIFIED 0 Su3 14




Py

UNCLASSIFIED

16.

For example, suppose one reactor is to be calculated and it is

desired to'obtain all the output answers 1 through 52, and_suppose

it'is'assumedifor.this caseAthat, from;steady state, the 3223 temner_
ature 'wiil suddenly-'change from T°c to (T+AT)°C. The “input ta"p; will
need the case 1dent1f1cat10n number W1th FF for the first two dlglts,
the 1oading 1nstruction word and the complete set of 1nput numbers
l through 38 correspondlng to the steady state temperature T C.

This set of input numbers will be followed (on the same tape) by .
another set of numbers con81sting of the same case identlficatlon '

1
B

number, 00 392 OO 3AB,for the 1oading Word and the 1nput 20 through

38 plus 39 through 45 corresponding to temperature (T+AT) c. Both

of these sets of input numbers are punched on;the input tape as

explained above.

Ea
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III. MACHINE OPERATING INSTRUCTIONS

The etep-by-step,machine operating procedure isAlisted below,
followed by a.simplified megnetic tape‘flow chart,showiné'the position
of the wmagnetic tapes and conténts of the fast memory at each step in
the calculation. Instruction‘for re-starting the calculation in case

of a machine error that cannot be corrected are also given.

Procedure

1. _Load first part of code tape by consocle order - 90:3EA.
This loads the first part’of the code into the fast memory to QOuble
space, storlng flrst word in memory cell 5EA

2. Wlthout removing code tape from the reader, put the break
.point switch up and give console order - 43:157. This console order
trameferslmachine control to the left of memory cell 157, at which
p01nt the machine wrltes onto magnetic- tape the complete memory
beginnlng w1th cell OOO loads the second part of the code tape into
the fast memory storlng first word in memory cell 170, writes onto
megnetic tape cells 1T0-ZEF, reedeAfrom magnetic tape onto the fast
memory'the first pert of the code beginning with cell 000, sums the
complete memory stopping at a bmeak'polmt-at the right of cell 33A
with ‘sum in QL o o

3. At this point the contents of QL should read A5955992E3
If this is the case, put the input tape under the reader and start
the calculation by settlng the operate sw1tch to "stop" and back

to-continuous. If the sum in QL does not read correctly, begln

over with step 1.

UNCLASSIFIED
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4. At this point, for the steady-state calculation, the
machine will read in the input numbers for the»first.case, compute
‘ the reactor and punch out the answers, returning to the "break point

stop" as in step 2, w1th the sum again in QL The calculatlon for

each succeedlng case may be contlnued as in step 3 For_the,non-steady—

state calculation, the machine w1ll read in the first set of 1nput
numbers, calculate, then read -in the follow1ng set of numbers and

compute before punchlng.the answers.

Magnetic Tape Flow_Chart - Drive Zero

'l' ___Part T ,L .. Part IT l , Storage
(a) x = 1024 words (v) y = 384 words (c) |2 = 128 words
' 1 oo : 1
X

= 4 blocks - © ¥ = 2 blocks Z~ = 1 block.

Beginnlng the calculatlon, the code is put under the reader

and the console orders 90 SEA _
' h} 157 given

The machlne does the following. (tape at a)
1. WF: ooo - 102& Words (tape at b) .
2. 90: 170 -

WF 170 - 384 words (tape at c)

& w
. -

HB'(x ) = 6 blocks (tape at a)

RF 000, - 102& words (tape. at b)

HF;yl 2 blocks (tape at c)

RF 380 - 37 1nput numbers (tape at d)

Sum memory and stop on break p01nt at 3§A with sum in QL

(o [e oINS | O\'\n

"Input tape under reader, the machine is re-started. At this point
" the machine will read in the'first get of'lnputfnumbers and will

compute for approximately 15 seconds. '

UNGCLASSIFIED
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10.

-11.

(Powm
Fre

HB:Zl = 1 block (tape at c)

WF:380 = 128 ‘words (tape at d)

S.S.] At this point, for,stead&-state calculation, control goes to step 15.

Otherwise, continue. with step 12.

IN.S.8. y12.

13.

1k,

| ss.,15
o 16

For the steady state plus non- steady state calculation, at this

p01nt the second set of 1nput numbers is read in and the machlne
computes for approx1mately five minutes.

HB°Zl = 1 block (tape at c) .

RF: 380 - 128 words (tape at 4)

HB;(y-fz ) 3 blocks (tape at b)

ﬁF{l70‘; 38% words (tape at c)

At'this,point, mscnine.computes for'approximately 3 seconds and

punches out the answers, then.control goes to step .,

If the calculation stops illegitimately and cannot be continued

€.8., 1f an error occurs in a computed number, simply position the

magnetic tape to pOint c (see magnetic tape diagram), put the input

tape (for the case on which the code stopped) back under the reader,

and give console order h} 523 ‘This re7starts the calculation,.

beginning with step h above.

1.
2.
5.
L.

The 1egit1mate stops 1n the code are as follows

. -

Cell O3A - attempted-division by zero.

Cell 63B - computed number out of range.’

Cell 133 - sinh, cosh out of range.

éell-éBb - attempted square root of negative number.

UNClaSSIFED - °“° C‘ll



APPENDTX

In the following equations the items marked by two ** are.

output answers.

& A. General non-steady-state two-group, two-region diffusion

*

3

equations” are:

Core:
A . X =F - 1 p
D, 9%, (r,6) + S B(est) - py B B (5,8) = - = 2 4 (r,8)
2C 2c ™’ 2c72ch ! ¢ ~1c”1cr? Vo0 2t "2¢ch "’
Blanket: .
D96 (r,6) + T B (r,8) -9 B (r,t) = - S 2 (r,8)
Dy Papls 18718\ 72 %) - IpSopPop' Ty Vg %€ 11817
-D2Bv ¢2B(r}t) + Z?_B¢23(r,t) A" pB Zm¢m(rit) == sz 3_13 ¢2B(r)t)
Dic -
‘wherg 2310 = 7F—'= fast macroscopic removal cross section in core -
. ‘ _'g . _ - .
Z:ZC = thérmaltmacroscopic abgorption cross section of fuel in
T .  core : B ' ' ‘
ZCQC = total macroscopic absorption-groés-section in core
D .
= ZHB = 7F— = fast macroscopic removal cross section in blanket
A B A
;.‘ ‘ EZZB = thermal macroscdpic absorption cross section of fuel in

blanket = -

2:23 = total mecroscopic absorption cross section in blanket

‘

Assuming the reactor is on a stable period,
 bke

b.(r,t) = B.(r,0) e X = ¢ (r) ™
i i i

63 ¢2
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2l. .
where

Aké"- = k-1 = excess reactivity

Ak
m = T‘S = reciprocal reactor period.

Then it follows that

<|H

-—%¢(rt)=—-¢ (r)e‘“t,i=lc, 2c, 1B, 2B
i ’ :

If the assumption. is made that an ‘instantaneous change is made in the_

. systenm giiiing rise to Ak" B theh at time zero equation (1) becomes '

¢1c * (210 10)¢ - ’7c52¢‘¢ec

t
- Q@

¢2c + (Z 2c Koo ¢ec - P Z:;c:‘élc =0
| e (2)
’P41.BV'2‘¢13. ,”‘ (ZI.B+K]_B)¢1B_ ,"’7'132F2’J‘3¢213 =0

N ¢23 + (Z 2}3)¢2B pB>2]-.]‘3¢1.B =

where

T2 " g
Kig -= -vln];

¢1 = ¢i(r),~ i = 1C, 2C, 1B, 2B

JAV:S
Note that for a steady-state system, m = 73 =0

6p3 a0
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B. Solution of (2)

1. Blanket
*
We assume
¢lB = SlEIZ + SzF]W
g (3)
¢2B = E1Z + Flw '
where El and El are arbitrary constants and Sl and S2 are ¢oefficients
to be determined.
We require that
v%aﬁﬁ;o
' (%)
VA - A= 0 .

Using (3) and (A) in (2)B we obtain’

[-.-D]_BE]'JY ?sl + '(Z’.]_B+K]_B)E S, - 5L F Bz o+ —p]_BFl}f gsa+(2 1_B+KlB)

F_1
-~ Mplogt | W =0

_Da.BEla?e + (Z‘ +op )E szlElle]z + -DZBFla?g + (ZEB+K2'B).

and since the above equations must hold for all values of Z and W, it

follows that
F 2
: "'73823 _ (Z +Kp) - Dopdf]
B S 2 PLls ;
"(ZlB+KlB) - Dypffy. - B~1B - - 4 (5)
' ZF | (z 4;K ) - D, H° B
s _ ’73 2B o 2B 2B 2'B 2 Ver 3 {02’3 4
1 (Zp* - Dmd‘fg ; Ppiyp -

#Note that the form of equations (3) and (4) is taken so that the calcu-
lation will hold for the case of a pure reflector, i. e., no fuel in the

blanket AP ACRITED



and we take

1

Dop

for S, and S

UnunndSiiiED.

23.
2

I— PN 213+K 7

Py Zip

Dop

2B H2
D?.'B

-

-
22B+K?_B i é{ 2

2 " PpEyp

D2B'

From (5) we write

, F
Lote o Z15+18 42 ML 25P L13 ie 1 2
.D-aB . i DlB i - D]_BD )

: 2B

|
-

and solving for f i ‘and oﬁ?g we get

H2 1 2 2B+KEB z lB+KlB
= § +
1B

=T
[zaB+KaB ZLLB+KLB /zaB 2B /ZlB+KlB +’713 .2131’32

Doy Dl:BJ . \ 1B /- DigPep

where, for this particular calculation (with reference to the input

numbers )

,,)Blel pERxER
Fl s F3
Z +Z o8

B~
F- Fl F2
Z%-22B+223

Fl F2 e L : 6 8
Ziop=Log * Lop * ZgB *ZeB*ZZB + Zop +ZgB+ZaB +Za§
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it should be noted that for the case where there is no fuel in the
fbianket, and

Z oy

+op ¢ DI
>
D2B DlBA
i then '
2: 21 ntK
H§= D )‘?2 2323,3116.82 0
1B 2B
‘When
Z,’EB+K2B zle+KlB
=25 == )
2B : 1B -
tpen
N 2: +K
Jf i = -—2%;—122 ing lB 18 , and Sl = 0.
2B . lB'
2.

Core

For the core equations we assume

Al
¢1c =a%x +cly
1
Poo = slAlx +8,07Y
vwhere Al, Cl, 8

17 and 8,
require that X and Y satisfy

have the same significance as in (3) and we

(6)

$72X +'/A?X'=

v - VY

il
o

(7)

2 028
"f s
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using (6) and (7) in (2)A’ we obtain

12 1 Y
DA P+ (Dgg #Kyp) A7 = cTipesA (X

1 | P
* Py W (2 )+ o) 710220820 ¥ =10

2 1 1.
2cslA]7“ + (Zec 20) 1A - pczch }X

1
+ 2c zc 2+ (2_‘,‘20+K20)s ot Pczlccl Y=0
It follows that:
. fL + (T Ky g) PP 1c
l -— I — 2 n
%ch Dpch + (& ppac)
D, 2+ (8.4, ) D2
1C 1c1c c1c
®2 = ¥ - )
- N 2c DoV + (X e+
and hence, :
peo 1 I—zl‘c*l-{lc . 2o
2 l_ Dye - Dac
| F p ' ' :
Mz [Elc*ch . ch‘“ch;l "lczec ciic [ZicFic\ Eac®ec
2l Dyc Dac || ° DicPac Die N\ Pic
. . Vs
2 lI—ZlC+KlC 2inc e
Vo =+3|7D; D
| P 2c
1|&1c1c Zec‘“Kec_l ")CZ 2cch:
2l Dy Dac J D1¢Pac

Because of the fact that Z:gc and hence 2:20 is the unknown variable in

this calculation and since for a two-region sphere

O</A< g

. ot i Q
H‘n§ ‘%U ['!1..7,1:“.- en G[\a'}? A
] . "\
3 e uz i
L Lo
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26.
it is most convenient to write the above equations as
Chee T ommwe w0 T 1' A y
Kac Ju2 Zictig\| AePelie ]2 2 o
D S O O | )
2 2C 2 c-+/) . -~ T1C - 2C
R = 7 ; : o - (8) .
 NePo e 2 wcthic)
pe vl R ey ‘
) ~1C T1e
. 2 (T 2 Zio0\ Koo
VT = 5— R+ 5 + 5
2C 1C 2C
vhere for this calculation ' : 4
. . r F2_ B [
Ve ,')Fl L mF2 DIp . !
c | c C F1l . F2 37 ek 5 <10 gD
; 2o L4 ZQC‘,_ N Z?C! N o N Z2, . ., N T
‘«Fl - «Fl F1l Fl e Fl Fl
- JL E.-“'20 2:“EC 2‘20 Z20 ’ZQC Z‘EC_
= an effective ng of everything in the core except moderatbr,
i.e., considering all core components except moderator as
fuel. ' s ‘
and where
9] Fl F2
Z:20 E::1:’C S:“fc

—_ = f —_— e ——
F1 "pC Fl Fl
zec Zoc 82c

and '
| _ «F1 F2: 3 L 5 6 p M
Zac = 2c+zz_c+z'zc.+.zec+zzc+22c+zzc+2-2c
81 and 8, are taken as
o Ty epg , DL (9)
e ~ 2L ¢
o Dog . - 2C
g = HER J . - ) -
. 2c 2] | Foo 2 7 ety e
B it ol B T A
| P2c. - | e ic

UNGLASS:FIED
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From equations (4) and (7) we write

sinhé’P r coshéﬂ? r

. 1 1

2r) =B —5—+FH —5%
sinhé’? T COshé-? I

2 2

Wr) =By —5——+Fp — %

_ sin CcOS ur
X(r) = A, —ﬂr _4 +C) —-i"—-r‘

: sinhvr coshvr
- Y(r) = Ay =5+ Cy —5—
. where El’ E2, Fl’ F2, Al, A2"Cl’ and 02 gre arbitrary constagts.

Appl_.ying‘the extrapolation 5oundary condition

Z(R) = Ww(®) = 0
and requiring that

X(x), ¥(r) #

requires -
i} ; sinh # lR
Fl = 1 cosh 'd‘f’lR
sinh J‘Pzﬁ
Fo= -8 oo éféﬁ
Cl = 02 = 0
hence
* ~
. 7(r) = L= sinh . (F-r)
r . 1
*
- W(r) = C* sinh £P (R-r)
- r 2
_ sinh ur
- X(r) = Ay =
sin vYr
Y(r)‘_ A, 5

63 nog
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28.

and from (3) and (6) we have

sinh ff | (B-r) sioh # (K-r)
= 5,8 T * SEF' .A T

sinh o‘f’l(ﬁ-r) sinh J—Pe(ﬁ-r)

=B + F -
} r ..

(10).

sinMr + sinh vr s
r ] ‘ r ‘

= A

- s.A sin ur + s si_r;hUr
"1 r - 2 . r -

Applying the thin shell interface boundary conditionsh

where

"R - S S v

- b

-
&
e
p—
n

Focla) = .¢2s(;-)

Bo5(0) = F5(b)
D, fio(8) = Dy fis(a)

'ch¢éc(a.) = 'Des"%s(.a)

1 ' 1.
Dipfip(P) = Digfi(o)
1 1
'D2B¢2-B(b) - —D25¢2S(b)
a= cofe radius )
= .core radius plus shell thlckness
15 = fast dlffusion coefflclent for shell
og = thermal diffusion coeffic1ent for shell
1g = fast flux in shell
g = thermal flux in shell’
i’: derivitive of flux, i = 1C, 1B, 2C, 2B, 1S, and 2S. '

UNCLASS:HIED 6oz 02




Then

where
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_ 5
81c(8) = f5(0) - vt 5> (o)

2%

a¢2c(a) -.=‘ a¢aB(b) - bt

a%p

t

SH

- a4l
1C ¢lC

2

"shell thiphess

Dis

Then using (10) in (11) one can oblain

Co L
(2) = D, P15 ()

D
D

SH

2B 41
= #,.(1b)
e 12

l .b.f‘l- .E-H'

"~

(11)

sich H,1 = 0"

sinh HlT

sinh d‘PeT =0

(12)

sinh J?lT

- o . D
‘A sinpa + C sinh Va + ES. [-a/b '-—]—‘3— sinh .7 -
SEEpE T T e SR j ‘ 1
R
- -a/b - 51-3-—
 PsE’
F’ D i
As, sinpa + C:s sinh Va +E -a/.b-. -5 T
[ »
v® e/ - 52,
. ’. : D]_B :
Agl gin/ta + Cg2 sinh ¥a + E ]—)l—c slm'l sinh .a‘?lT i
D13
+F == s_u, sinh H,T = 0
D, 22 2
1c <
. !-'1)2}3 thiH
As.g, sinpua + Cs sinh Ya + E |— +
18y sinpe + € | Do ™ Do |
- asE]
EDEB tb)
+ F 5 ")
2 Yac

ONGLASSIIED
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sinh JP2T =0

gu3 528

e |



where | ‘ml
Mo
&)
&>
T .

‘and '

]

//lb coth ﬂlT +1

/PEb coth HZT + 1

apcot a,u. -1

av coth av/- 1

(K-v)

UNCLASSIFIED

A, C, E, and F are unkéem arbitrary constants.

For ,a' nori-trivial'solution of the homogeneous set (12), it is necessary

. and sufficient that the determinant of the coefficient vanish, hence we

write as the critical equation

.(sin'/u,a)(v éil_’lh iya)ﬂ.~ :
(sinh 'gflT)(_sinh #2‘1‘)

calllng the va.lue of ‘the critical determlnant A, we

a,
i

- [ta

"]_

S

181

.'s for the determinant elements)

T

D._t Dt |
Dle m| s,f-a/b - Dle oy
SH I sg® 2]
~ ..1
- D@t m‘-1 -a/b - ]-)2; m,
BogP 1 Db "2
. e D b g4
1B
s m., —
| 22 B
thiH D tsz‘fiﬂ
-2 = m_ + A
Dog Doe 2 Doc

sy

8, a/b

2 llDlC
R

8.8 = m, + :

272 Dy 1t

11 _,?“»12)( 52 33) %45 Suu) (%12 .a15\ 35 _ 23k
21 B2\ ,325 83 o) \3pp  2p3)| Bz
Ay 1 ue\ al “bo  2u3\ (331 %32
2%’ 80 Zp3J|%21 %22
i1 Puo\(%32 233 85 a14)+ %31 239\ [P12 a13> |
o1 B\ 223)\e23  22u) \Pa1  %22)\%22 23
ST WY i P T\ Y b B Y A -
853 - Poyf \%p1  2ppf\f23  Zou/\P22  %23)
. ey m
G0 ~
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can write (using

(13)
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- 3.

where all fé.t;tc_)rs outside the determinant have been discarded.
Knowing the value of , for a particular reactor, which makes A = O,

we write

8

Dog

2_ =.'___2_C_+,&2 _}Le Dy

**Fl_ o ,ch’z'ec

ioc T T 72 3 L 6 P
ch Zec zec Ezc Zfac 2'-‘-20.

1 + + + +
1F1l e Fl e Fl F1 T @FL Fl1.
Z‘l 2C 220 2¢ ZEC 220 2.20
o 1 ,
i ' . .
ZQC z EFl ) 1= F2’ 3, 4, 5, 6, P

It 'is. obvious that the homogeneous set (12) cannot be’ solved for all four-

of the constants ‘A, c E, and F; therefore, we dlvide (12) by A and solve

... CE___.F ‘
for. Y and Nk hence
c _ 'sine a |§I
"A- "~ sinhwva. |Z|
'E. _ _sinma Y
A~ sinh £ T |2
and
Fo [21 singe + a22 C/A sinhva + 8, E/A sinh b ot T]
5 =

2)+ sinh oﬁoT

n 30

v

UNCLASSIFIED 6e3



where

a

11

851

a”

31

~and ai’j are given

.

E __.'F
Wlth-— K, andK

A’

*% i

*¥

fac”

R

*%

?A'SH

)

i~

UNGLASM FED

32.

13 %1 %120 %11 %wv| . P13 %12 :
B3 %y (X1 =% By Ay (121 =[ans 2 Al
B35 Bah | [2s2 %51 %su|, %33 %32 sy

in the critical determinant.

known, we can now write the neutron balance as

§t Z;B .», 1= Fl’ F2},3: 14'; S, 6, T, 8,» 9
é Z (l pB

é' Z;C ) i = Fl)F2) .3,, )4', 5, 6’ P, M
~2C ¢ | |

§ ZlC (l pc

l tZSH¢ (b) = lind tZSH[— sinh.f?'r + % sinh &P T]

_hnReD]_BV¢lB(R) = lleB{ ER/}’ cosh ff( -R)+51nh d‘lo'(R-R):I

QIA[%J/’ cObho‘f’ (R-R)+ sithf’(R-R)]} »

_h@%éBV%B(R); YnD { [ H’ cosh #f, (R-R)+sinhif(“'-R)]

%[Ro‘f coshoﬂ’(R—R) + sinh . (IV-R)]

UNGLASS!FIED
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33.
whére
**%_ R 5 '
§ = g ¢2B]+1'[r dr=brd E En sinh’ ﬁ’T #R cosh a? (.R-R) sinh# (R-R)]
. b ‘ ‘
+ :55[;231@ #,1- HR cosh #,(K-R)- sinh,cﬁ’e(ﬁ-Rﬂ
*% R S. E T .
.lB = S ¢ h.nr dr_lm ﬁe Exlsinh o‘f’f‘— d?’lR cqshJPlCﬁ-R)-siph d;”l(ﬁ-R)]
b 1 ' |
ASQF
+ 2[m s:.nho?'l‘ o‘FzR cosh cﬁ’ (f{-R) snnhﬁg(R-R)]
| A 2
-)(--)(-§ . ‘a ¢ )+ . gEC ‘ . g]_A
.= wr’ dr lm —5 sinhva - —- sin
2 S 2c. P K He
A S _ ,
*%_ 2 (s 8oL 8,8,A
: § = S.¢l~cl|-:rr2d;r=lm _ g : s:.nh va - '12'1 ‘sinpa
1c K - Ay~ HA
0 ) o

 and ¢]_B’ ¢2B’ fics ¢20 are as given in (10)
The total neutron production is given by

Fl Fl F2 AF2
’Y)B 2B ’

and the fbtal neutron.ldsses is givei:i by

F1 WL L 72 F2
="c

*H e i _ .
I‘I‘ = ZAEB + ZAQC + A-]_B +} A]_.C + Ll + -L2’ i = reactor co;npongnts
The flux plot is computed from A(lO), vhere A, C, E, and F take on the

values A/A, C/A, E/A, and F/A. It will be noted that all of the above

g3

LY
h

o
pl

-~

SHELASSIFIED



UNCLISSIFIED <
normalized answerg”gare equal to the actual answers divided by the
constant A.AHThe constant A may be evaluated if the core or blanket

power is specified,' For example, if the core power is specified,

then
TP
TR
z_""fC 2C
where
”EC. = core power, kw
f = 3.38x 1015 fissions/kw-sec
23f0'= macroseopic fission cross section of fuel in the core
? : is ae‘given above
2c :

an@’fhe actual ebeorptioﬁ,_leakages, and fluxes may be calculated by

ﬁultiplying those output anewers by A.

C. Method cf>Celculetion |
eThe method of calculatioﬁ is given, briefly, ae-folIOWS:

Ai. Steady-state System

With a partlcular set of 1nput barameters, m is set‘eéual to
zZero and the blanket'functions are computed. Then, u31ng the core
_ dependent equatlons ; the value of /,( is found which makes A< 5x10 5
| Wlth this value of }A, the calculatlon is completed produc1ng elther
of the,two sets of steady-state ansvers.
_‘2. Non-Steady—State Calculatlon5
For this calculation, the steady-state system is flrst com-.

puted as above using the steady-state input parameters (corresponding -

to the steady-state temperature; 7°C. Then with the critical core

ONGLASSHED e 38
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55.

fuel concentration of the steady-state system known, and using the

non-steady-state input parameters (corresponding to (T+aT)C), the

value of
*%

m Ak

’ *
is found whlch glves this fuel concentratlon Then setting m=0,
the value of : ’7)0 is found whlch makes the critlcal core fuel con-

centratlon of the. non- steady -state system the same as that for the

g steady state system The multlpllcatlon is then taken to be -

a(*k . nc (SS )

Mg (NSS)
_-4Withké kn‘own‘, Ak‘ej,= ke-l, X ';—f,—; and aa'}l‘:e = 2,};6 are computed

‘ In the answers: that are produced foi' this oalculation, items.2

through 1&8 are steady state answers, and items 49 through. 52 are for

the non- steady state system.

4

D. Restrlctlons in the Calculatlon

-38 58

1. All computed numbers must be in the range 10 "¢ X (lO
2. For the steady state calculation and the non steady -gtate
calculatlon for which m > o, /umust be 1n the range = f(-< -’E .
5." For the non- steady -state calculatlon for which m {0, ll-l.
must be in the range —-}L(“

' '-)+. For the non- steady -state calculation, ’770(1\188) must 1ie 4

in the range ],.5- 'V]C(NSS)< 2.5.

In particular the macroscopic absorption cross section of core fuel
is used where

: Fl ' F2 ‘my |
=F (mar) = £FH) Lt 2(r) Tac T8
ac ac ‘Fl T) ac FQ(T) -
’ . : - d’ac ‘ . g-ac :

UNGU«SSIWEQ gu3 o34
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36.

ASL Generally speaking, the code will not compute reactors
~ whose. core radius, é,-ismless tﬁen.approximately 15 cmg-howeve;,mthis
,reetriction is highly dependent'upon tﬁe core and blanket compositions
as.well as the other input parameters such aé’r;!s;'Dl's, etc.; hence,.
the above Qigure will vary considerably witﬁ each particular ceée.l
| 6. fn'the Case where a reactor has no shell, input item'

36 (D ) mst have value, generally 1.

7ﬁ:_Eor phe caee:of a non-steady—state eachlatien réquir—‘
igg. a neéa‘.tiv’e m, the machine ﬁili stop on . - g in the case&_héfe

there is no fuel in the blanket and

D.iD. > 5——22 © (the foregoing is true if m <. 100).
2B 2B o B -

. Restrictien 1 resulﬁa’froéuthe.floafing4poipt.sub—routine
_used in the‘eoee. ;The lower limit in ;esﬁrictioﬁ 2 is for convenience
..only.and will‘not-ﬁe exceeded for any practical caseiv‘It foilowé,A
from equatlon (9), that /Land m, when m £ O, could have values such
‘ that sl:—aoo hence restriction,ﬁ*assures that

(2 pee

2c . 2c -
The limits .imposed on nC(NSS) are more or less arbitrary and can
easily be changed however, for most practical cases, the limits shown
'above will ‘not be exceeded. '
The fact that there is a lower limiﬁ on the core-ra@ius is.

_not surprising when‘oee considers the denominator in equation (8%1,

keeping in mind'that/pcie alwvays taken as some number (between gn‘and 1)

UNGLASSIFIED 603
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37.
divided by a. If a is such that
2 1C 1C c*Cc "1C _ <20 21 : .
. ’* + -—-—D——— e ——r— » then + ’J- -’00,
. ‘Actuelly, in the case where e is too small, the calculetion stops with

-'the computation of sinh Va and/or costha,'where'Va is such that the
° ' "functlon exceeds 103 (restrlction l) Restriction 6 is actually not
‘- N a restriction but is necessary because of the fact that D, Hb is used
as a dlvisor 1n the calculatlon, however, in the case where there is

no shell,. can have any finlte value w1th0ut affectlng the results

-SH

of”the-celculation, as‘long as’'t = O,

‘v

LN
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OAX RIDGE NATIONAL LABORATORY .

DATE: October 7, 1955

TO:  Distribution | SUBJECT: Supplement to
- i ORNL-CF-55-9-133

FROM: T. B. Fowler <

v As -shown in the footnote on page 35, 2: <TfAT) (for a non-

steady-state’ system) is calculated by correcting 2: (T) for the change
in the microscopic eress section only; i.e., .the actusl concentration

of fuel, NF is unchanged. For a homogeneous system in which the

density of the core and/or blanket solutions arc affected the fuel

\3 \

'concentration is also a function of temperature This effect may

be considered by writlng 1nput items 4l and U5 (page 13) as

M (TfAT5
M (1)

and |
= (MT)'] A (Tsam)
L@ | e

‘respectiveiy,"wheref/9M(T+AT) and PM(T) are the densities of the . -

moderator in grams per cm

The left hand gide of the last equation On page 22 should

be S..

The first sentence on page 31 should read: "Knowing the

value of /A for a particular reactor, whlch makes D—O we write"

UNCLASSIFIED
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word F951EB851F, representing 5x10

UNCLASSIFIED : 7)) L.

m——

, All subscripts in tpe footnote on. page 35 should be 2C.
It has been noted that for‘some reactors, the value of

the critical determinanb.cannot be made less than lep—5; i.e., the
change in/LIQQpirednto.change A beyond some particular value is so
small as to be insignificant and the machine continues to compute
withouﬁ‘completihg-the calculation. In.this case the maéhine should
be stopped And.éhe word F6L1893TUC, representing leo-k, or the
' 3, shou}d be inserted in memory
cell 329 and the méchine're-started with the order on which it was
stopped. . Anopher alternative is to insert one of the above words
in'mem&ry cell 329 immediately after the first pért of the code has

been loaded. into the memory.
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